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During epidermal carcinogenesis important changes 
in the epidermal-dermal junction take place. Because of 
methodological difficulties many of these changes, es-
pecially those concerned with three-dimensional orga-
nization of the junction, remain unsatisfactorily investi-
gated. To obtain new information, we studied with scan-
ning electron microscopy (SEM) the development of car-
cinogenic changes in the epidermis of mice induced by 
DMBA-TPA, DMBA alone, and by the cocarcinogen TPA 
alone. We correlated the results with those from trans-
mission electron microscopy and light microscopy. Al-
though the epidermal changes morphologically showed 
similarities, biologically they differed. With them, dis-
tinct changes in the epidermal-dermal junction devel-
oped, that could be followed through early, hyperplastic 
and neoplastic phases. With the SEM the first changes 
were seen in the basal layer of the epidermis and con-
cerned the cell arrangement. SEM provided information 
about the localization and development of incipient epi-
dermal carcinomas induced by DMBA-TPA and DMBA 
treatment, as well as about the changes in the basal 
lamina. These can be classified by their surface, their 
extent and their frequency throughout large regions. 
Our studies indicate that these changes vary greatly, 
depending upon the treatment used and the time of their 
development. Only the progressive disintegration of the 
basal lamina is characteristic of carcinogenesis. 
It is generally accepted that epidermal-dermal interactions 
regulate growth and differentiation of the epidermis and are 
important in explaining the pathogenesis of epiderma neopla-
sias [1). To understand these interactions many attempts have 
been made in studying the chemistry, function, and morphology 
of the interface between epidermis and dermis [2-9]. That 
interface, designated as epidermal-dermal junction, is a complex 
structure of many components, each of which has characteristic 
chemical compositions and distinct morphological features, as 
different techniques of fIxation and staining for light and elec-
tron microscopy show [10-12]. In attempting to clarify its 
function, not only the morphology of the components compris-
ing the interface between epidermis and dermis must be taken 
into account, but also their three-dimensional organization. 
That organization can be investigated in depth only by corre-
lating the results of different morphological methods and by 
using serial sections allowing three-dimensional reconstruction. 
Because of methodological diffIculties, few investigators have 
studied the spatial organization of the epidermal-dermal junc-
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tion and its changes during carcinogenesis. Accordingly, we 
have studied these with the model of experimental skin carci-
nogenesis and cocarcinogenesis using scanning electron micros-
copy. The results of the studies, correlated with those from 
light and transmission electron microscopy, are presented in 
this paper. 
MATERIALS AND METHODS 
For our experiments we used three hundred 8-week-old female 
NMRI mice (SP free) randomly divided in to 5 experimental groups of 
60 animals each: (a ) group I-controls without treatment. (b) Group 
2-animals treated twice a week with 0.1 ml acetone (controls for the 
solvent) . (c) Group 3 (DMBA group)-animals treated twice a week 
with 100 nM of 9,10-dimethyl 1,2 benzanthracene (DMBA) dissolved in 
0.1 ml acetone. (d) Group 4 (DMBA-TPA group)-animals treated 
once with 100 nM DMBA and subsequently twice a week with 10 nM of 
the phorbol ester, 12-0-tetra-decanoyl-phorbol-13-acetate (TPA) dis-
solved in 0.1 ml acetone. (e) Group 5 (TPA group)-animals treated 
twice a week with 10 nM TP A dissolved in 0.1 ml acetone. 
Treatment and observation lasted 10 weeks. 
One week after trimming away the hair of the back with an electric 
shaver, we applied the solutions on a 2 cm square of the skin using 
micropipettes. Twice a week, 24 hr after every treatment, 3 animals 
from each experimental group wel'e killed and samples from the skin of 
the back were removed. Every sample was immediately sliced into 3 
pieces: one for scanning electron microscopy, one for transmission 
electron microscopy, and one for light microscopy. 
The specimens for scanning electron microscopic studies were placed 
on filter paper and immersed into a 40 mM solu tion of EDT A buffered 
at pH 7.4 in PBS medium at 37°C for 60 min. We then transferred the 
specimens in the medium without EDTA at room temperatme and 
pealed the epidermis from the dermis under the dissecting microscope. 
Both pru·ts of the specimens, epidermis and dermis, were fixed in 2.5% 
glu tru'aldehyde in cacodylate buffer at pH 7.2 for 1 hr at 4°C and 
post fixed for 30 min in 1% osmic acid in the same buffer. After 
dehydration, the specimens were dried at the critical point in CO2 in 
the Polru'on apparatus E-3000 and coated with gold. The specimens 
were then examined with ISM 35 (Jeol) scanning electron microscope 
at a 40° angle and 25 kv field emission. 
The method of separating the epidermis was developed from numer-
ous preliminary studies in which different methods were compared, 
such as: heat sepru'ation [13,14], microwave irradiation [15], treatment 
with sodium thiocyanate [16,17] and solu tions of EDTA [18] varying in 
molarity, temperature, and duration of incubation. To prove the effi-
cacy ' of the separation techniques, we examined the specimens by 
transmission electron microscopy. After EDTA the basal lamina re-
mained fixed at the dermis, having .split at the lamina lucida. In 
addit ion, by examining the 2 counterparts of the skin samples (that of 
the sepru'ated epidermis and that of the dermis) by scanning electron 
microscopy, we were able to control the completness of the separation 
in every specimen. 
Specimens for transmission electron microscopy were fixed in 2.5 
glutaraldehyde buffered with 0.05 P.M sodium cacodylate (pH 7.2) 
containing 50 mM KCl, 2.5 mM MgCb and 1.25 mM CaCI. for 60 min, at 
room temperatme and postfixed in 4% aqueous osmium tetroxide for 
30 min. The specimens embedded in Epon 812 were cut with a Reicher t 
OMU-2 Ultramicrotome, double stained with uranyl acetate and lead 
citrate and examined with a Siemens E lmiscope 102. 
The specimens for light microscopy were fixed in 10% neutral for-
malin as weU as Carnoy's solution at 4°C, embedded in paraplast, 
sectioned at 4 p. and stained with hematoxylin and eosin as well as by 
the periodic acid-Schiff (PAS) , Gomori methenamine silver impregna-
tion, and orcein methods. 
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RESULTS 
Changes in the epidermal-dermal junction during the carci-
nogenic and cocarcinogenic treatments may be followed 
through 3 phases: early phase, hyperplastic phase (beginning at 
the second week), and neoplastic phase (beginning about the 
seventh week only in the DMBA-TPA and DMBA groups). 
Histological Studies 
Histologically, the phases can be characterized as follows. 
a. Early phase: Progressive epidermal hyperplasia accom-
panied by an acute inflammatory reaction, basement membrane 
inconspicuous with differences in the appearance depending on 
the intensity of the epidermal changes. 
b. Hyperplastic phase: Advanced epidermal hyperplasia with 
variations in the cell arrangement in different experimental 
groups, irregularly thickened basement membrane, conspicuous 
subbasal reticular fibers and elastic network. 
c. Neoplastic phase: Epidermal papillomas, disarrangement 
of the epidermal cells, regional disappearance of the basement 
membrane, fragmentation of the elastic fibers and decrease in . 
reticular fibers. 
The changes in different experimental groups are summarized 
in Table I. 
In mice treated with acetone alone, up to the end of our 
observations period, the epidermis and the boundary to the 
dermis show no significant differences from those of untreated 
control animals. 
Transmission Electron Microscopical Studies 
The most characteristic ultrastructural changes of the epi-
dermal-dermal junction in different phases of carcinogenic and 
co carcinogenic actions are summaried in Table II. 
Scanning Electron Microscopical Studies 
In the epidermal-dermal junction 4 morphological compo-
nents may be distinguished by scanning electron microscopy: 
(1) dermal surface of the basal cells (basal cell layer); (2) basal 
lamina; (3.) subbasal fibrillar network; (4) dermal surface. 
Basal cell layer: Scanning electron microscopically the basal 
layer (Fig 1) is characterized by the pattern of arrangement of 
the cells (Fig 2), by their size and properties of the surfaces, by 
the wideness of the intercellular spaces and by the number of 
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the hair follicles. In the early phase of the treatment the size of 
the cells of the basal layer vary, their surfaces are more rough-
ened than those of the controls and the intercellular spaces are 
widened. The hair follicles especially after TP A apperu.· more 
numerous than normal. The changes in the basal layer are more 
striking in the TPA and DMBA-TPA groups, as compared with 
those in the DMBA groups, and can be correlated with the rate 
of development of epidermal hyperplasia. 
In the hyperplastic phase, characteristic ofTPA treatment is 
the persistence of the normal cellular arrangement in the basal 
layer by moderately reduced number of the intercellular con-
nections and widening of the intercellular spaces (Fig 3). In 
contrast, in the mice treated with DMBA-TP A or DMBA alone 
the cells of the basal layer undergo progressive disarrangement. 
The intercellular connections are markedly spru.·se, many ob-
viously disrupted; the intercellular spaces are broadened (Fig 
4). These changes appear first focally in the interfollicular 
epidermis but thereafter develop throughout the entire basal 
layer. 
FIG 1. Scanning electron micrograph of the undersurface of the 
epidermis (basal cell layer) from control mice. The hair follicles pro-
trude from the surface (x 1,300). 
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TABLE II. Ultrastructural changes during the different phases of the treatment 
Early phase 
ContTols DMBA DMBA·TPA TPA 
Basal cell Smooth Folded with blebs 
plasma 
membrane 
Basal lamina Smooth Irregularly enlarged 
Hyperplastic phase 
DMBA DMBA·TPA TPA 
Broad projections Villous pro-
jections 
Reduplications and gaps 






Regional disappearance Gaps 
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FIG 2. Arrangement of the basal cells in the epidermal undersurface 
of control mice. Typically roughened cell surface is a result of the 
separation from the dermis. The remnants of the connections between 
the epidermis and dermis appear as a granular material over the surface 
of t he basal cells (x 4,000) . 
FIG 3. Scanning electron micrograph of epidermal undersurface 
after TP A treatment. The intercellular spaces are widened and spanned 
by prominent cell connections (x 4,000) . 
FIG 4. Epidermal undersurface after DM1;lA-TP A treatment show-
ing mm'ked loss of the intercellular connections. The basal cells m'e 
separated by deep clefts (x 4,000) . 
In the third neoplastic stage the basal cell layer of the 
DMBA-TPA and DMBA alone groups exhibits, in the interfol-
licular regions, aggregates of large pleomorphic cells that pres-
age incipient neoplasias ("neoplastic foci") (Fig 5). The changes 
are well demarcated and characterized by irregularly shaped 
cells with undulated surfaces without blebs or villi. The surface 
of the remaining basal cells is roughened with numerous small 
projections or membrane-bound blebs (Fig 6). 
Basal lamina: In the controls the basal lamina represents a 
wavy sheet (Fig 7) of amorphous material in which the super-
ficial ends of fibers of the subbasal network are embedded. At 
higher magnification the epidermal surface of the lamina re-
veals numerous small elevated nodules (Fig 8) and occasionally 
also solitary blebs or holes. During carcinogenesis and cocarcin-
ogenesis the basal lamina undergoes progressive changes. Their 
sequences correspond to those developing in the basal cell layer 
and may be followed in the same phases. 
Changes in the basal lamina during the early phase vary in 
carcinogenic- and cocarcinogenic-treated animals. Whereas in 
the TP A group they are inconspicuous and slowly developing, 
in the DMBA-TPA and DMBA groups the changes are obvious 
and appear rapidly after the fll'St tTeatment. As compared with 
the controls the basal lamina is intensely folded and reveals 
small blebs on the sUIface. 
FIG 5. Scanning electron micrograph of the neophistic foci of the 
undersurface of the epidermis after DMBA-TPA treatment (x 2,200). 
FIG 6. Epidermal undersurface during the neoplastic phase of 
DMBA-TPA treatment. Note the small blebs on the surface of the 
basal cells (x 2,200). 
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FIG 7. Basal lamina (EL) covering the epidermal surface of dermis (D) as revealed by scanning electron microscopy (x 600) . 
j 
FIG 8. Higher magnification of the surface of the basal lamina from Fig 7. Note the numerous nodules (x 9,300). 
The differences in the appearance of the basal lamina be-
tween the different groups of treatment become striking during 
the hyperplastic phase. In the DMBA-TP A group the surface 
of the basal lamina is markedly irregular with deep invagina-
tions, large protrusions and numerous small and large .blebs 
(Fig 9). Typical are the foci of complete destruction where a 
fibrillar structure of the subbasal network becomes apparent 
(Fig 10). In the DMBA group the basal lamina is also irregularly 
folded, its surface, however, reveals only few blebs and small 
defects with roughened borders (Fig 11). The basal lamina of 
the TP A group, as compared with that of other groups, is 
typically wavy' but not so intensely folded, and has a smooth 
surface with several small punched-out holes (Fig 12). 
The third, neoplastic phase is distinguished by destructive 
changes of the basal lamina which vary in their appearance. 
Characteristic for the DMBA-TP A group is-the diffuse granular 
disintegration of the basal lamina. It is converted into granular 
material covering the surface. of the dermis (Fig 13) . In some 
regions the granular disintegration progresses to the complete 
disappearance of the basal lamina. In the DMBA group the 
basal lamina reveals increased numbers of defects and regions 
of patchy disintegration (Fig 14). In contrast to the DMBA-
TP A and DMBA alone groups, the basal lamina after TP A fails 
to undergo destruction. Its appearance differs not essentially 
from that during the hyperplastic phase. 
The basal lamina in the acetone-treated control group often 
appears more undulated than that of the untreated controls. 
Its surface, however, remains smooth and intact. 
FIG 9. Scanning electron micrograph of the basal lamina of mice 
after DMBA-TPA treatment. Characteristic are the numerous blebs 
(x 3,000). 
Subbasal fibrillar network: The subbasal fibrillar network is 
a complex of fibers just beneath the basal lamina and connects 
that with the dermis. One end of the fibers is embedded in the 
sheet of the basal lamina and the other is attached to the coarse 
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FIG 10. Basal lamina after DMBA-TPA treatment. Foci of destruc-
tion with fibrillary bases (x 5,700). 
FIG 11. Irregularly folded basal lamina after DMBA treatment. 
Note the small defects (x 3,000). 
FIG 12. Relatively smooth surface of the basal lamina from mice 
after TPA treatment (x 3,000). 
fibers of the dermis (Fig 15). In the controls the subbasal 
fibrillar network consists of thin interlacing fibers. As compared 
with those from the dermal connective tissue they are thinner 
and run predominantly as free fibers separated from each other. 
FIG 13. Diffuse disintegration of the basal lamina of neoplastic 
phase ofDMBA-TPA treatment (x 3,000). 
FIG 14. Patchy disintegration of the basal lamina from neoplastic 
phase after DMBA treatment (x 3,000). 
FIG 15. Scanning electron micrograph of the interface between the 
basal lamina and the dermis. Basal lamina (EL) , subbasal fibrillar 
network (FN) and fibers (F) of the dermis can be recognized (x 6,000). 
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The fibers of the dermis vary in their thickness and show the 
tendency to unite into coarse bundles. 
In the early and in the hyperplastic phases the changes in 
the subbasal fibrillar network are inconspicous, as samples show 
in which the basal lamina is stripped and rolled. Occasionally 
in the late stage of hyperplastic phase, characterized by pro-
nounced hyperplasia, in some animals from TPA or DMBA-
TP A groups the fibers of the network are coarser and thicker 
than those of the controls. 
The most prominent changes are those of the neoplastic 
phase. They are related to the destructive changes in the basal 
lamina. Fragmentation and disappearance of the fibers of the 
network appear in all cases with granular disintegration and the 
complete destruction of the basal lamina. 
Dermal surface: The epidermal surface of dermis in animals 
showing focal destruction and disappearance of the basal lamina 
and the fibrillary network can be compared with those in 
animals with diffuse and complete destruction of these. The 
surface of the dermis of the first group is relatively smooth with . 
fibers closely packed together. The surface of dermis of mice 
from the second group exhibits interlacing bundles of coarse 
fibers and numerous prominent fibroblasts-"activation" (Fig 
16). 
DISCUSSION 
As others have noted, the changes in the epidermal-dermal 
junction during epidermal neoplasia may be brought about by 
different processes such as proliferation of epidermal cells or 
inflammation [19,20]. In understanding these processes, espe-
cially those connected with epidermal hyperplasia, experimen-
tal skin carcinogenesis and cocarcinogenesis in mice contribute 
useful information, as our experiment shows. These enable one 
to observe and correlate changes of the epidermal-dermal junc-
tion associated with different proliferative processes of the 
epidermis, for example: (1) epidermal hyperplasia that pro-
gresses into carcinoma after the 2 steps treatment with DMBA-
TPA (premalignant hyperplasia); (2) TPA-induced hyperplasia 
that fails to progress to malignancy but instead regresses after 
cessation of the treatment (reversible hyperplasia); (3) hyper-
plasia after DMBA alone leading slowly to malignancy and 
showing focal variability (nodular hyperplasia) . 
Changes in the basal layer of the epidermis, detected and 
localized by scanning electron microscopy in the early stages of 
tre8;tment are obviously incipient. In contrast to the regular 
pattern of the basal cell layer after TP A, the basal cells in 
DMBA-TP A and DMBA hyperplasia reveal progressive disar-
rangement. That difference can be characterized morpho met-
FIG 16. Scanning electron micrograph of the dermis viewed from 
the epidermal side during the neoplastic phase of DMBA-TP A treat-
ment. The coarse fibers and the prominent cells are clearly visible (x 
4,000). 
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rically by measuring the size of the cells, the number of the 
intercellular connections, and the widths of the intercellular 
gaps, as we reported previously [21]. With the scanning electron 
microscopy it is possible to identify the early morphological 
forms of the neoplastic growth as multiple foci in the intelfol-
licular epidermis. The advantages of the scanning electron 
microscopy in studying the epidermal-dermal junction become 
apparent when the basal lamina is examined. Its changes can 
be characterized not only by alterations of the surface but also 
by their extent and incidence throughout large regions of the 
lamina. This is essential because even in the normal basal 
lamina small blebs or holes may be observed. With transmission 
electron microscopy which provides only transverse sections of 
the lesions, 5 basic types of changes of the basal lamina can be 
distinguished: thickening, reduplication, gaps, fragmentation, 
and disappearance. The corresponding changes, as seen with 
the scanning electron microscopy, appear different at the sur-
face permitting one to identify various types but also subtypes 
such as broad elevations, small and large blebs, erosions, diffuse 
and patchy disintegrations. When we use these types and 
subtypes to classify the changes of the basal lamina it becomes 
obvious that they differ not only depending on the phase of the 
treatment and development of the pathological processes but 
also depending on the substances used to induce them. 
In contrast to that of the animals treated with carcinogens, 
the basallarnina after cocarcinogenic TP A b 'eatment exhibits 
a relatively smooth surface, although it is intensely infolded. 
The same holds true for the early phase when marked inflam-
mation develops. Light microscopically the inflammation after 
TP A is comparable with that observed in the DMBA-TP A 
group but is more severe than that in the DMBA group. 
Differences in the changes of the basal lamina between the 
cocarcinogenic- and carcinogenic-treated mice during the hy-
perplastic phase indicate that these changes are not related to 
the epidermal hyperplasia or to that of the hair follicles as some 
observations suggest [22-24). Neoformation of hair follicles in 
mouse tail epidermis induced by TP A has been reported re-
cently [25]. Our studies also demonstrate an increase in hair 
follicles in the back epidermis after TP A. However, in order to 
obtain statistically relevant data we believe that quantitative 
investigations are required, these being presently carried out in 
our laboratory. The destructive changes in the basal lamina are 
typical of the cancerogenic treatment. They imply that the 
synthesis of the lamina is disturbed as a result of altered 
epidermal growth [5,7,26-30]. The differences in the changes of 
the basal lamina between the cancerogenic groups DMBA-TP A 
and DMBA alone suggests that some ofthese disturbances may 
be specific to the administration of the carcinogenic substance 
DMBA-by itself or in combination with TP A in the 2-stage 
system of initiation and promotion [9,31,32]. The changes in 
the DMBA-TPA group are more pronounced than those in the 
TP A group and appear to demonstrate only a more advanced 
stage in the destruction of the basal lamina. This suggests that 
it is the progression in the morphologically diverse lesions of 
the basal membrane which is distinctive for carcinogenesis. 
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Announcement 
The 3rd Dermatopathology Comse will be held in Rome, Italy, July 10-11, 1982. Under the sponsorship 
and organization of the Foundation for Research in Dermatology an intensive 2-day Comse on differential 
diagnosis in dermatopathology will be held in lecture room Brasca, 4th floor of the Policlinico Gemelli, 
Catholic University, Rome, Italy, on Saturday July 10 (9:00-12:00 and 14:30-17:30) and Sunday July 11, 
1982 (9:00-12:00). The Comse will be given by A.B. Ackerman, Professor of Dermatology and Pathology, 
and Director of Dermatopathology, New York University School of Medicine. Enrollinent fees: Before 
May 31, U.s. $100 and after May 31, U.S. $120. Enquiries should be directed to Ernestine Shargool, 
Secretary of the Foundation for Research in Dermatology, Largo Gemelli 8, 00168 Rome (Tel. 06-
3385451). Simultaneous translation into Italian will be provided. 
